Objectives. The goals of this study were two-fold: (1) to describe methods for drawing a population-based sample of individuals in care for HIV infection and (2) to compare data from the sample with data from existing surveillance systems that describe care for HIV.
HIV infection is a major public health problem in the United States, and billions of dollars of public funds are spent annually on the care and treatment of people infected with HIV. Monitoring the morbidity of individuals living with HIV infection is important to (1) understand the population impact of advances in the medical management of HIV infection; (2) document needs for and utilization of care services;
(3) inform guidelines for monitoring clinical status, care, and treatment; and (4) document the impact of public funds spent on care for people living with HIV infection. [1] [2] [3] Health departments are primarily responsible for administering and evaluating federal, state, and local funds for care. Although AIDS surveillance data have represented a nearly complete census of all individuals with AIDS and are available in all health departments, these data are inadequate to meet the states' information needs for planning HIV-related services. Surveillance case reports contain only limited demographic, behavioral risk, and clinical data; supplemental studies are required to obtain data on access to, use of, quality of, and impact of treatment.
Ideally, data on clinical outcomes of HIV care should be representative and useful at both the national and local levels. In the past, different methods of data collection have had different strengths and weaknesses. During the mid-1990s, the HIV Cost and Services Utilization Study (HCSUS) estimated HIV health care costs and utilization in a nationally representative sample of HIV facilities and patients. 4, 5 This watershed survey produced useful national-level estimates of HIV care utilization, but it did not allow for calculation of state level estimates for local planning purposes. In the late 1980s, the Centers for Disease Control and Prevention (CDC) and 10 state and local health departments developed the Adult and Adolescent Spectrum of HIV-related Disease Study (ASD), an ongoing longitudinal review of medical records of HIV-infected individuals in more than 100 hospitals and clinics chosen by the participating health departments. 6, 7 ASD has collected observational data on morbidity, treatment, insurance, and health services utilization. 8 However, the representativeness of ASD is limited and inference to the entire United States is not possible.
In an attempt to develop a surveillance method for clinical outcomes that would both provide representative data and be useful at the local level, the CDC and the Health Resources and Services Administration instituted a pilot project in 1998: the Survey of HIV Disease and Care Project (SHDC). The primary goal of the pilot study was to develop and assess the feasibility of a two-stage sampling design to produce a representative sample of patients in care for HIV infection in the U.S., using HIV and AIDS case subject reporting data as a sampling frame of HIV care providers. The goal of this report is to describe the method and its feasibility and to compare the data from SHDC with other existing systems that measure characteristics of individuals in care for HIV infection. We make recommendations for the design of future surveillance activities at the state and local levels that will provide representative data for targeting and evaluating programs at modest incremental cost. Finally, we describe plans for an approach with similar methodology that can generate nationally representative data to provide a sound basis for allocation of resources for HIV prevention, treatment, and care.
METHODS

Survey of HIV Disease and Care Project
Participating areas. The survey was conducted in three project areas during 1999, to collect information about care for HIV infection delivered during 1998. The project areas were King County in Washington State, which includes the Seattle metropolitan area; the Louisiana State Health Regions 1, 2, 3, 4, and 9, representing approximately the southern onethird of Louisiana and including New Orleans and Baton Rouge; and the entire state of Michigan. 9 During the study period, HIV infection without AIDS was reportable to the health departments in Michigan and Louisiana, but not in King County.
Patients were chosen for the survey using a two-stage sampling procedure. The first stage was selection of a sample of medical care providers; the second stage was a weighted, stratified systematic sample of patients within selected providers.
Selection of the sample of providers.
The sampling frame for the first stage was based on data from the HIV/AIDS Reporting System (HARS). A medical provider was recorded for all individuals with HIV infection (with or without AIDS) who (1) were reported to the state HIV/AIDS surveillance system, (2) resided in the eligible geographic area at the time of diagnosis, and (3) were presumed to be alive at some time during the study period, 1998. The provider was either the most recent provider reporting the case of HIV infection or AIDS, or, if available, the medical care provider who most recently had ordered CD4 count or viral load tests for the patient (which we presumed to indicate provision of clinical care). The sampling frame of providers consisted of all medical care providers who cared for or reported at least one such case subject (except in Michigan, where only providers who cared for or reported at least three case subjects were included) to the state or county health department HIV/ AIDS surveillance system. The initial list of providers was reviewed to remove providers who had closed or merged, who were sources of HIV infection reports that did not provide medical care (such as HIV testing sites that did not provide primary HIV care), and who were outside the specified geographic area. Correctional facilities were excluded from the provider sampling frame in all sites because of the difficulty in obtaining patient lists and medical records from these facilities.
For each area, the sampling frame of providers was stratified as small, medium, or large, based on numbers of patients attributed to that provider in the HIV/AIDS surveillance system. The definitions of small, medium, and large providers were different in all three areas: King County stratified the sample as small Ͻ30 patients, medium 30-99 patients, and large Ն100; Louisiana stratified the sample as small Ͻ20, medium 20-100, and large Ͼ100; and Michigan stratified the sample as small Ͻ10, medium 10-99, and large Ն100. In all sites, large providers were stratified on Ryan White Comprehensive AIDS Resources Emergency (CARE) Act funding to ensure that adequate numbers of patients in care supported by Ryan White CARE Act (RWCA) funds were included. 10 In Michigan, providers were further stratified by size of the metropolitan statistical area (MSA) in which the providers were located, so that we could compare care by large providers with and without RWCA funds.
Within each stratum, providers were sampled without replacement with probability proportional to the number of HIV/AIDS patients assigned to the provider. To select a provider sample for our study, we generated a list ordered by size within each stratum using the S-Plus sample function, specifying the probability of sampling as the proportion of patients from the stratum at the provider. 11 We obtained the sample by choosing the desired number of providers, starting at the top of the list for each stratum.
Each selected provider was contacted to verify willingness and ability to participate. Participation required that (1) the provider could supply a list of all HIV-infected patients in care for the calendar year 1998, including the race and sex of each patient, and (2) the provider would allow information to be abstracted from medical records. If a selected provider refused or was unable to participate (e.g., because of inability to supply a list of individuals with HIV infection in care during the year), or if the provider was found later not to be eligible (e.g., because of providing no medical care in the reference year), the next provider on the ordered sample list was approached as an alternate.
Selection of the sample of patients.
Within each geographic area, the health department decided how to stratify the patient population on race/ethnicity and sex, based on the demographic characteristics of the HIV-infected population. For example, Louisiana identified strata of black men, "other" men, and women. Within each provider stratum, we attempted to allocate the patient sample equally across the race/sex strata.
We defined a sampling fraction for each race/sex stratum based on the total number of patients to be sampled for that race/sex stratum and the total number of patients who had at least one visit to the providers in that provider stratum. For each race/sex stratum, the same sampling fraction was used at all providers within a provider stratum.
Each provider was instructed to develop a list of patients ordered by date of birth or medical record number for each race/sex combination or to provide a list of patients that included the demographics, which would allow health department personnel to create the patient sampling frame. Patients then were selected using systematic sampling based on a sampling interval determined from the sampling fraction and a random start (provided by the CDC). The patient list was considered wrap-around, so that if a selected patient's medical records could not be found, the next patient on the list at the sampling interval was chosen.
Sample size. The total sample size was chosen for each study site based on statistical considerations (precisions of estimates of interest) and available resources at the local level. Each study site targeted a total sample size of approximately 300 patients. This sample size would allow calculation of an estimate of a proportion with a 95% confidence interval (CI) Ϯ 9.8%, assuming a design effect of 3.0.
The sample of 300 patients was allocated among the provider size strata, guided by the proportions of all living patients from providers of the various sizes obtained from surveillance data. Approximately half the sample for the large providers was allocated to providers receiving RWCA support and half to providers not receiving RWCA support.
Data collection.
For selected patients, medical records at the sampled facilities were reviewed to determine if the patient was in care during 1998, as well as to determine information about prescribed medications, diagnosed illnesses, laboratory test results, and service utilization (inpatient, outpatient, and emergency room visits). If information was available in the primary medical record about care received at other providers (e.g., copies of records from a hospital admission or a consultation report), those data were collected and treated as care received during the period. If the same individual was selected at multiple providers, information about care was abstracted only from the medical records of the provider at which the individual was first selected. This study did not attempt to collect information from all facilities at which the individual accessed care during 1998, due to the large numbers of providers potentially involved and resource constraints.
Human subjects. The study was determined by the CDC to be non-research. Of the three participating state and local health departments, the protocol was reviewed and received Institutional Review Board (IRB) approval in two, and in one, it was determined to be exempt from IRB review.
Analysis
Calculation of sampling weights. The data analysis used methods that accounted for the stratified two-stage cluster design and the variation in the selection probabilities for patients from different providers. Because selection of patients within a provider was based on a systematic sample with a random start, all patients selected from the same provider and same race/sex stratum had equal selection probabilities. To account for these selection probabilities, the weight for each patient was the inverse of the probability that the individual was sampled. This probability was computed as the probability of sampling the provider at which the patient received care, multiplied by the probability of sampling the patient at the provider.
Calculation of weighted point estimates, standard errors, and confidence intervals.
Using SAS PROC SURVEY MEANS, we calculated point estimates (means, proportions), their standard errors (SEs), and 95% CIs. 12 For some measures (such as number of outpatient visits in the study interval), median values were estimated. Estimates of medians and their SEs, and 95% CIs were calculated using PROC DESCRIPT in SUDAAN with DESIGNϭWR (with replacement). 13 As a result of the cluster sample design, the variance of an estimate was usually larger than the variance from a simple random sample of the same size. The magnitude of the increased variance due to clustering was measured as the design effect, defined as the ratio of variance incorporating the sampling design to the variance from a simple random sample of the same size. 14 We calculated the design effect for several health care outcome measures of interest.
Comparison of SHDC data with data from other surveillance activities
Adult and Adolescent Spectrum of HIV Disease Project. The ASD is a multicenter medical record review of approximately 100 clinics in 10 U.S. cities; its methods have been described. 6 A standardized instrument was used to collect information from medical records on the patients' clinical conditions and treatments at baseline and every six months until the patient's death or until the last contact with the patient at one of the participating facilities. In this analysis, we included data abstracted in the Seattle, Detroit, and New Orleans sites for care received during 1998.
Certain clinical and demographic characteristics have been shown previously to be associated with the extent to which patients are treated according to treatment guidelines. 15, 16 Since demographic characteristics of patients could differ for ASD and SHDC, estimates for ASD health care measures were standardized to the SHDC population of patients receiving medical care in the Detroit, New Orleans, and Seattle metropolitan areas. Estimates were standardized according to the weighted proportion of patients in SHDC by race (black, Hispanic, "other"), HIV risk mode and sex (men who have sex with men [MSM], injecting drug user [IDU] male, IDU female, other risks male, other risks female), and age group (Ͻ30 years, Ն30 years).
HIV/AIDS Reporting System data.
In order to compare the demographic characteristics of individuals observed in the SHDC project to the characteristics of individuals diagnosed with HIV infection (with or without AIDS) in the same project areas, we used local HIV/AIDS surveillance data. HARS is implemented in all U.S. states, with well-characterized completeness of reporting. 17 We used local surveillance data reported through January 2003 to calculate numbers of individuals with HIV diagnoses known to be living with HIV at any point in 1998 (diagnosed before December 31, 1998, and not known to be dead as of December 31, 1997).
Definitions of standards of care
In order to describe the extent to which care for HIV infection complied with standards of practice, we used United States Public Health Service/Infectious Disease Society of America (USPHS/IDSA) treatment guidelines in effect during 1998. 18 Based on these guidelines, specific definitions for standards of care to be evaluated in our study were established and appear on this page (see right).
RESULTS
Of 51 providers approached to participate in the project, four (8%) declined participation. The sites were not consistent in their refusal rates; King County had 75% participation (12 of 16 providers participated), and the other two sites had 100% participation. Medical records were reviewed for 915 HIV-infected patients receiving medical care at participating facilities in 1998. The number of records abstracted per site ranged from 253 to 374 patients per site.
Demographic characteristics of the 915 patients observed in SHDC and of the 5,266 patients followed during 1998 by the ASD Project in the same states are shown in Table 1 ; these data should be interpreted with the understanding that in Michigan and Louisiana, the ASD projects are conducted in Detroit and New Orleans, but the SHDC data represent the entire state of Michigan and the southern health districts of Louisiana. The modal age group for subjects in both projects was 30-39 years in all areas except the ASD project in Michigan, where the modal age group was 40-49 years; most subjects in all areas were male. The proportions of the SHDC sample who did not have a major HIV risk factor documented in their medical records ranged from 25% to 50%; the proportions of patients observed in ASD who did not have this information ranged from 9% to 20%.
The distribution of demographic characteristics of individuals reported to HARS in the study areas of King County, health districts 1,2,3,4 and 9 in Louisiana, and Michigan are compared with the weighted SHDC sample in Table 2 . For all project areas, higher proportions of women were observed by SHDC (11% to 31%) than by HARS (8% to 26%). In all three project areas, the most common age group of
Definitions of standards of care
Based on the United States Public Health Service/Infectious Disease Society of America Guidelines for the Prevention of Opportunistic Infections in Individuals Infected with HIV, the following definitions were used during the Survey of HIV Disease and Care Project (SHDC) to evaluate the extent to which care complied with standards of practice.
Highly active antiretroviral therapy (HAART)
Met standard: Prescription of AZTϩ(ddI, ddC, or 3TC)ϩ(any protease inhibitor or any non-nucleoside reverse transcriptase inhibitor), D4Tϩ(ddI or 3TC)ϩ (any protease inhibitor or any non-nucleoside reverse transcriptase inhibitor), combivirϩ(any protease inhibitor or any non-nucleoside reverse transcriptase inhibitor), abacavirϩAZTϩddC, abacavirϩddIϩ3TC, or trizivirϩ(ddC or ddI or any protease inhibitor or any nonnucleoside reverse transcriptase inhibitor). Protease inhibitors included saquinavir, ritonavir, indinavir, nelfinavir, amprenavir, tipranavir, kaletra. Non-nucleoside reverse transcriptase inhibitors included delavirdine, nevirapine, efavirenz, emivirine, capravirine.
Eligibility: History of an AIDS-defining opportunistic illness diagnosis, CD4Ͻ500, PCRϾ20000, or bDNAϾ10,000
Pneumocystis carinii pneumonia (PCP) prophylaxis
Met standard: Prescription of dapsone, pentamidine, or trimethoprim- An evaluation of the provision of care in accordance with guidelines in effect in 1998 is presented in Table 3 . In most cases, the point estimates for care parameters from ASD sites were within the 95% CIs determined in SHDC, with some exceptions. For example, in King County, the SHDC estimates of proportions of individuals with at least one documented viral load assay or CD4 measurement were higher than proportions from individuals observed in ASD. The opposite was true in Michigan.
Similarly, health care services utilization data indicated that the point estimates for utilization parameters in ASD were in most cases within the 95% CIs calculated by SHDC methods (see Table 4 ). ASD patients in King County had more viral load testing and less CD4 testing per six months (20) NOTE: The columns for geographic areas are not directly comparable because for Louisiana and Michigan, the SHDC and the ASD collected data in different (but overlapping) geographic areas. In Michigan, the geographic area of the cohort study was limited to the Detroit metropolitan area, but the geographic area of the sampling study was the entire state. In Louisiana, the geographic area of the cohort study was limited to the New Orleans metropolitan area, but the geographic area of the sampling study was several health districts in the southern third of the state. than patients observed in SHDC, while ASD patients in Michigan had more CD4 testing per six months than SHDC patients. The median number of outpatient visits as estimated by SHDC ranged from four to six per year, with no significant differences between ASD and SHDC. The design effects for some outcomes of interest are presented in Table 5 . Considerable variation occurred in design effects across outcomes and across states. Most notably, the design effect for influenza vaccination in Michigan was very high, and average cluster sizes in Michigan were higher than in the other project areas. Observed design effects of Ͻ1.0 indicated that the sampling approach resulted in smaller variance than would be expected with a simple random sample of the same size.
DISCUSSION
The SHDC pilot study demonstrated the feasibility of a twostage sampling approach to obtain population-based estimates of indicators of quality of care for HIV-infected patients. The collection of clinical surveillance information from the medical records of individuals in care for HIV infection is critical to the evaluation of provision of appropriate care. Previously, the CDC-supported ASD project was used to describe trends in HIV-related morbidity and natural history of HIV infection, as well as to inform national surveillance case definitions and treatment guidelines. 7, 8, [19] [20] [21] [22] [23] [24] The SHDC method represents a model for collection of data for similar purposes with increased representativeness. Our study differs in two important ways from HCSUS, which surveyed a large national probability sample of individuals in care for HIV infection. 4, 5, 25 First, HCSUS was generalizable to the entire United States because it randomly 
NOTE: The columns for geographic areas are not directly comparable because for Louisiana and Michigan, the SHDC and the ASD collected data in different (but overlapping) geographic areas. In Michigan, the geographic area of the cohort study was limited to the Detroit metropolitan area, but the geographic area of the sampling study was the entire state. In Louisiana, the geographic area of the cohort study was limited to the New Orleans metropolitan area, but the geographic area of the sampling study was several health districts in the southern third of the state. CI ϭ confidence interval sampled providers from throughout the United States, while SHDC was not because it selected three geographic areas through competitive application. Second, the sampling frame of providers for SHDC benefited by using the HIV/AIDS surveillance database as a sampling frame. The national reporting system for HIV/AIDS is regularly evaluated. Since AIDS is reportable to all state and local health departments and AIDS case subject reporting is known to have high completeness, investigators in SHDC had a very complete sampling frame of providers of care for individuals with HIV infection. 26 The advantage of our design is that, in theory, the results should provide population-based estimates that represent all individuals in care for HIV infection in the participating geographic areas. However, some providers selected from the sampling frame did not allow review of their patients' medical records. This problem was encountered in King County, where 75% of selected providers participated. In the HCSUS study, 70% to 100% of selected providers participated. The extent to which such refusals bias the results of the study depends on whether the providers who refused to participate (1) serve a substantial proportion of HIV-infected patients in care, (2) serve substantively different patient populations, or (3) provide a substantively different quality of care. In our study, most refusals were providers who had few HIV-infected patients.
The SHDC study design has additional limitations. The design only allows observation of and inference to individuals in care for HIV infection; however, individuals diagnosed with HIV infection but not in care are a critical population. 27 With respect to analysis of eligibility for standard care measures, some criteria could not be determined with confidence because we did not access the full medical history to determine previous diagnoses or procedures. Finally, because we did not abstract records from all care providers for each patient, our data represent minimum estimates of care received during the year.
Because we sampled providers with probability proportion to size and without replacement, the variance estimates could have been obtained by taking into account joint selection probabilities and selection without replacement (e.g., using SUDAAN with designϭUNEQWOR). 13 However, we chose to analyze data as though the sampling had been done with replacement by using SAS PROC SURVEY MEANS and SUDAAN with designϭWR (with replacement), as previously done in other studies. 12, 13, 28, 29 This analytic approach results in somewhat larger variance estimates; however, previous comparisons using pilot data (data not shown) demonstrated the resulting increases in variance to be a small and acceptable trade-off for the use of simplified analytic methods and the ability to use SAS software, which is widely available to state health departments. 12 Design effects measure the extent to which the sampling design increased the variance of the estimates compared with using simple random sampling; larger design effects result in wider CIs. The variation in design effects that we observed in our study was considerable, and we will conduct additional investigation into the reasons for these variations as we prepare for subsequent studies. It is possible that there were variations among the participating study sites in the extent to which sampled providers represented single practitioners (which would tend to result in higher intra-class correlation and higher design effects) vs. groups of physicians (which would tend to result in more heterogeneity of practice patterns and lower intra-class correlation). Future study designs will increase the number of sampled providers and reduce the number of sampled patients per provider in order to reduce design effects.
Future cycles also may include an interview component, which would provide the opportunity to evaluate psychosocial factors not included in the medical records. Offering interviews to individuals with no known care provider might help identify barriers to entry into care and determine needs for health services among individuals not in care for HIV infection.
We conclude that conducting two-stage probability sampling in the setting of health department HIV surveillance programs is possible. Our estimates of some indicators of HIV care were comparable with those of the currently conducted facility-based clinical surveillance project, but for important outcomes such as intensity of laboratory monitoring of CD4 counts, differences were observed. Health departments are uniquely positioned to conduct such surveillance projects because only they have well-validated sampling frames of providers of HIV care and because only they have statutory authority to conduct medical record reviews for individuals with HIV infection.
Beginning in 2006, CDC expects to support a random sample of states to collect clinical outcomes surveillance data by a method similar to SHDC. This will represent a three-stage cluster sampling design that can extend infer- d Eligibility for highly active antiretroviral therapy (HAART) was defined as CD4Ͻ500, PCRϾ20,000, bDNAϾ10,000, or AIDS-opportunistic illnesses diagnosis (any time before or during 1998).
e Eligibility for Pneumocystis carinii pneumonia (PCP) prophylaxis was defined as CD4Ͻ200, PCP diagnosis (any time before or during 1998).
f All individuals are recommended to receive an annual influenza vaccine and regular viral load assay and CD4 T-lymphocyte (CD4) measurements. g SUDAAN cannot calculate design effect for medians.
n ϭ total number of charts abstracted m ϭ number of primary sampling units ddf ϭ denominator degrees of freedom ence to all patients in care for HIV infection in the United States. Further evaluation of these methods in more health departments should help to clarify the feasibility of using this study design in diverse public health settings. Larger numbers of patients must be included to provide locally useful data. To the extent that this methodology is feasible, adaptable, and cost effective, it may provide an important clinical surveillance tool for descriptive epidemiology and program evaluation, both nationally and by states and major metropolitan areas.
